This study was conducted to estimate the requirements of calcium (Ca), mag nesium (Mg) and phosphorus (P) in Japanese young adults. From 1986 to 2000, 109 vol unteers (23 males, 86 females), ranging from 18 to 28y old, took part in mineral balance studies after written informed consent was obtained. The duration of the study periods ranged from 5 to 12d, with 2-4d of adaptation. Foodstuffs used in each study were selected from those commercially available. The minerals present in diet, feces, urine and sweat were measured by atomic absorption spectrophotometer (Ca, Mg) or spectrophotometer (P). The dietary intakes of Ca, Mg and P ranged from 4.83-23.58, 2.44-7.83 and 13.46-45.69 mg/ kg BW/d, respectively. Dietary intake (Intake) of Ca was positively correlated to apparent absorption (AA.) (r2=0.425), which was also correlated with urine excretion (Urine) (r2=0.327) and balance (Bal) (r2=0.382). Intake of Ca was slightly but significantly corre lated with Bal (r2=0.036, p=0.048). The mean value and upper limit of the 95% confi dence interval for the regression equation between Intake and Bal when balance is equal to zero (Mean and upper limit) for Ca were 11.752 and 12.555 mg/kg BW/d, respectively. Intake of Mg was positively correlated to A.A. (r2=0.451), which was also correlated with Urine (r2=0.486) and Bal (r2=0.349). However, Intake of Mg was not correlated with Bal. Intake of P was positively correlated with A.A. (r2=0.959), which was also correlated with both Urine (r2=0.908) and Bal (r2=0.135). Intake of P was slightly but significantly corre lated with Bal (r2=0.103, p=0.0013). Mean and upper limits for P were 22.584 and 24.059 mg/kg BW/d, respectively. Intakes of Mg and P correlated negatively with their respective A.A, rates (%) (r2=0.120 for Mg, r2=0.109 for P). However, there was not much of a correlation for Ca. Balance of Ca was positively correlated with that of Mg (r2=0.541), but not with that of P.
It is generally believed that there are three levels of dietary intake of a nutrient; excess, adequate and defi cit. The border between excess and adequate is recog nized as the upper limit, while the other border between adequate and deficit is termed the requirement.
To determine an upper limit and a requirement for a nutrient, it is necessary to understand the scientific evi dence indicating quantitative information about the dietary intake and the signs and symptoms of excess or deficit of the nutrient.
For the minerals (calcium [Ca] , magnesium [Mg] and phosphorus [P] ), whose physiological pools include bone (1, 2) and for which the signs and symptoms of deficit or excess are poor, determination of the require meat and the upper limit is difficult because of the absence of evidence.
In such cases, results of balance studies that show an estimated average requirement (EAR), that is a balance between intake and output, are the sole sources of infor mation available to determine the requirement.
Therefore, we conducted 11 balance studies whose subjects were 109 Japanese young adults. Some of the results of the balance studies have been published previ ously (3) (4) (5) (6) (7) .
SUBJECTS AND METHODS
From 1986 to 2000, 109 volunteers (23 males, 86 females), ranging from 18 to 28y old, took part in min eral balance studies after written informed consent was obtained. The ethical committee, established by the E-mail; nisimuta@nih.go.jp Table 1 . Subjects and dietary intake of energy and nutrients, * Mg (180mg/d) was added to the diet as magnesium oxide (MgO) . ## Low -calcium study. # Mineral lost during exercise was estimated (n=49) . 
RESULTS
In one study, phosphorus was not determined, so the number of balance studies for P was 97. The concentra tion of P in sweat was too low to measure. The dietary intake of Ca, Mg and P ranged from 294 1,131, 154-379 and 807-2,198 mg/d, respectively (Table 1 ). The weight ratio of Ca/Mg (g/g) in the diets ranged from 1.56 to 4.39. The highest value of Ca/Mg in the diet was obtained in the Mg restriction experi ment. Intakes of these three minerals were positively correlated with each other (Fig. 1) .
In terms of body weight, the dietary intake of Ca, Mg and P ranged from 4.83-23.58, 2.44-7.83 and 13.46 45.69mg/kg BW/d, respectively. The relationships be tween dietary intake, apparent absorption, urine output and balance for Ca, Mg and P are shown in Figs. 2-4 .
Dietary intake (Intake) of Ca was positively correlated with apparent absorption (A.A.) (r2=0.425), which was also correlated with both urine output (Urine) (r2=0.327) and balance (Bal) (r2=0.382). Intake of Ca was slightly but significantly correlated with Bal (r2=0.036, p=0.048). The mean value and upper limit of the 95% confidence interval for the regression equa tion between Intake and Bal when balance is equal to zero were 11.752 and 12.555 mg/kg BW/d, respec tively.
Intake of Mg was positively correlated with A.A. (r2=0.451), which was also correlated with both Urine (r2=0.486) and Bal (r2=0.349). However, the Intake of Mg was not correlated with Bal. Using the above regres sion equations (Intake vs. A.A, and A.A, vs. Bal), the mean value of Mg intake when balance is equal to zero was indirectly calculated to be 4.395 mg/kg BW/d.
Intake of P was positively correlated with A.A. (r2=0.959), which was also correlated with both Urine 
DISCUSSION
This is the first paper to give the relations between dietary intake and balance of Ca, Mg and P in Japanese young adults based on the experimental data of 109 subjects.
The contents of Ca, Mg and P in the diets used in the experiments were correlated with each other (Fig. 1) . This may be because a registered dietician designed all of the menus for the diets, using limited foodstuffs that were distributed uniformly so as to meet the recom mended dietary allowances in Japan (fourth to sixth revised editions) except for the low-Ca experiments. In addition, an early observation in our laboratory re vealed that the concentrations of nutrients in most items both for our experimental diet (11) and in the nutritional survey (12) were correlated with each other. Thus, the authors considered that these correlations might be a characteristic of the typical casual Japanese diet.
Eighty-six out of 109 subjects were females. Adding to this, male subjects ingested a high-energy diet (No. 11, Table 1) , and high or low-Mg diets (No. 8, Table 1 ). These heterogeneous experimental conditions may affect the results of this analysis. However, these data are important in giving a wide range of dietary intake of Ca, Mg and P. In this paper, results of balances studied were expressed as divided by the body weight (kg). This treatment can be partly compensated for sex difference. Relationships between dietary intakes and balances of Ca, Mg and P There were weak but significant correlations between dietary intake and balance for Ca and P, but not for Mg.
The dietary intake of Ca was well correlated with apparent absorption (r2=0.425). The apparent absorp tion was also well correlated with urine excretion (r2= 0.382). These correlations resulted in a weak but signif icant positive correlation between the intake and bal ance of Ca (r2=0.036). The mean value and upper limit of the 95% confidence interval of the dietary intake of Ca when the balance of Ca is equal to zero were 11.752 and 12.555mg/kg Bw/d, respectively. This value is INISHIMUTA M et al. AA.: apparent absorption. n=109 (Ca, Mg), n=97 (P), but n=49 (Ca, Mg for sweat). # Sweat content of P is below the measurement threshold , * p<0.05 ., ** p<0.01 and *** p<0.001.
somewhat higher than the recent Japanese RDA of Ca (10mg/kg w/d) (8) .
On the other hand, the dietary intake of Ca explained only 3.6% of the balance of Ca. Other factors affecting the apparent absorption and urinary excretion of Ca, such as physical exercise (13) (14) (15) , energy intake (15, 16) , physical and mental stress (15, 17) and sodium intake (7) , are thought to be more important in keeping the Ca balance positive than Ca intake itself. There seems to be no correlation between dietary intake and the apparent absorption ratio (%) of Ca (Fig. 5) . This also suggested that the intake of Ca was not the main factor in regulating the intestinal absorption of Ca.
The dietary intake of Mg was well correlated with apparent absorption (r2=0.451). The apparent absorp tion was also well correlated with urine excretion (r2=0.486). However, this did not result in a significant correlation between the intake and balance of Mg (r2=0,018), Dietary intake of Mg was not correlated with Mg balance, although apparent absorption of Mg was positively correlated with both the balance and dietary intake of Mg. Using relationships between both the intake vsa apparent absorption, and apparent absorption vs. balance, the mean value of the dietary intake of Mg when the balance is equal to zero was cal culated to be 4,395 mg/kg Bw/de This value is close to that obtained from the non-significant regression equa tion between the intake and balance of Mg (4.548mg/ kg Bw/d). Assuming the equation is of some value, the upper limit of the 95% confidence interval of the dietary intake of Mg when the balance of Mg is zero was 4.791mg/kg BW/da In a previous study without low calcium experiments, reported in another paper (6) and with 86 subjects, the intake value determined to keep the Mg balance at zero was 4.713mg/kg Bw/d, a little bit higher than in this report. However, both values are very near the recent Japanese RDA of 4.5mg/kg Bw/d (8) .
On the other hand, the dietary intake of Mg explained only 1.8% of the balance of Mg. As with Ca, other factors affecting the apparent absorption and uri nary excretion of Mg, such as physical exercise (13 15), energy intake (15, 16) and physical and mental stress (15, 17) , are thought to be more important for keeping the Mg balance positive than Mg intake itself. There seems to be some correlation between dietary intake and the apparent absorption ratio (%) of Mg (r2=0,120) (Fig. 5) . This also suggests that the intake of Mg is still one of the factors regulating the intestinal absorption of Mg. Furthermore, the balances of Ca and Mg were positively correlated (r2=0541) (Fig. 6) , sug gesting that the balances of the two minerals may be regulated in part by the same mechanism(s).
The dietary intake of P was well correlated with apparent absorprption (r2=0.959) . The apparent absorp tion was also well correlated with urinary excretion (r2=0.908). These correlations resulted in a weak but significant positive correlation between the intake and balance of P (r2=0103). The mean value and upper limit of the 95% confidence interval of the dietary intake of P when the balance of P is equal to zero were 22584 and 24059mg/kg BW/d, respectively. This value is rather higher than the recent Japanese RDA of 700mg/d (8) .
Dietary intake of P explained only 10.3% of the bal ance of P In the case of P, the apparent absorption was strongly correlated with both dietary intake and urine excretion, which suggests that regulation of intestinal absorption is weak. However, the regulation depends partly on dietary intake and 60-80% of ingested P is absorbed (Fig. 5) . Although the intake of P was well cor related with the intakes of Ca and Mg, the balance of P was not correlated with the balances of Ca and Mg (Fig.  6 ). The mechanisms of P regulation seem to be sepa rate, at least in part, from those of Ca and Mg.
In conclusion, within the ranges of this study the bal ances of Ca, Mg and P were strongly affected by factors other than the intake of the minerals themselves.
